Fragile X syndrome is the most frequent form of inherited mental retardation and it is caused by deficiency of FMRP, the protein encoded by the FMR1 gene. FMRP is a RNA binding protein of unknown function which is associated with ribosomes. FMRP is found in the cytoplasm, but it is endowed with a nuclear export signal (NES), encoded by exon 14, and a nuclear localization signal (NLS). Characterization of the FMRP NES and NLS domains is presented here. We show by site-directed mutagenesis that three leucine residues in exon 14 are functionally important for the cytoplasmic localization of FMRP. Changing these leucines to serine resulted in a nuclear localization, while another nonconservative change (leucine to tyrosine) did not show such an effect. We also show that the NLS activity is localized between residues 115 and 150, a region that lacks stretches of basic residues. Such stretches are typical of nuclear localization signals that act through the importin ␣ pathway. The region between residues 151 and 196 can reinforce the NLS activity. A truncated construct containing the N-terminal region of FMRP (residues 1-114) is strikingly concentrated in the nucleus. This suggests that it may contain a domain of strong affinity with a nuclear component. 1997 Academic Press
INTRODUCTION
The fragile X syndrome is the most frequent form of inherited mental retardation. It is caused by the expansion of a (CGG)n trinucleotide repeat located in the 5Ј untranslated region (UTR) of the FMR1 gene (fragile-X mental retardation 1) (Kremer et al., 1991; Oberlé et al., 1991; Verkerk et al., 1991) . Large expansions (n Ͼ 200-230) are present in fragile X patients and are associated with abnormal methylation of the surrounding DNA and suppression of FMR1 expression (Pieretti et al., 1991; Devys et al., 1993; Sutcliffe et al., 1992) .
The FMR1 gene codes for a series of proteins derived from alternative splicing affecting the presence of exons 12 and 14 and the choice of acceptor sites in exons 15 and 17 (Verkerk et al., 1993; Eichler et al., 1993) . The largest of these proteins is 632 amino acids and based on RT-PCR experiments, it has been calculated that up to 24 mRNA species and 20 different proteins isoforms might exist (Verkerk et al., 1993) . A monoclonal antibody raised against the FMR1 protein (FMRP) recognized a subset of proteins with apparent molecular weights from 70 to 80 kDa (Devys et al., 1993) . FMRP is widely, but not ubiquitously, expressed with abundant neuronal expression in the brain, particularly in the hippocampus and granular layer of the cerebellum (Devys et al., 1993; Khandjian et al., 1995; Verheij et al., 1995; Hinds et al., 1993; Abitbol et al., 1993) . FMRP is localized in the cytoplasm (Devys et al., 1993 ), yet nuclear localization has occasionally been observed (Verheij et al., 1995) .
FMRP was shown to contain region similar to domains previously found in RNA binding proteins (two KH domains and an RGG box); indeed, it is able to bind RNA homopolymers and some mRNAs (Siomi et al., 1994; Siomi et al., 1993; Ashley et al., 1993) . Recently FMRP was found associated to ribosomes (Khandjian et al., 1996; Tamanini et al., 1996; Siomi et al., 
